Background: Mountain-cultivated ginseng (MCG) and cultivated ginseng (CG) both belong to Panax ginseng and have similar ingredients. However, their pharmacological activities are different due to their significantly different growth environments. Methods: An ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS/MS)-based approach was developed to distinguish MCG and CG. Multivariate statistical methods, such as principal component analysis and supervised orthogonal partial-least-squares discrimination analysis were used to select the influential components. Results: Under optimized UPLC-QTOF-MS/MS conditions, 40 ginsenosides in both MCG and CG were unambiguously identified and tentatively assigned. The results showed that the characteristic components of CG and MCG included ginsenoside Ra3/isomer, gypenoside XVII, quinquenoside R1, ginsenoside Ra7, notoginsenoside Fe, ginsenoside Ra2, ginsenoside Rs6/Rs7, malonyl ginsenoside Rc, malonyl ginsenoside Rb1, malonyl ginsenoside Rb2, palmitoleic acid, and ethyl linoleate. The malony ginsenosides are abundant in CG, but higher levels of the minor ginsenosides were detected in MCG. Conclusion: This is the first time that the differences between CG and MCG have been observed systematically at the chemical level. Our results suggested that using the identified characteristic components as chemical markers to identify different ginseng products is effective and viable.
Introduction
Ginseng is a slow-growing perennial plant belonging to the genus Panax of the family Araliaceae that has been used as a tonic and functional food to prevent various diseases in China, Korea, and Japan for thousands of years [1e3] . It has positive effects on the endocrine, cardiovascular, immune, and central nervous systems, and aids in the prevention of fatigue, oxidative damage, mutagenicity and cancer [4e7] . The effective components of ginseng contain polysaccharides, ginsenosides, volatile oils, etc., with the main bioactive constituents considered to be ginsenosides, which exhibit antioxidant, anti-inflammatory, anticancer, anti-apoptotic, and immune-stimulatory pharmacological activities [2,8e11] . Even the rare ginsenosides have significant pharmacological activities [12] .
The quality and properties of ginseng products vary greatly due to their different growth environments. According to the growth environment and the cultivation method, ginseng can be divided into three types: cultivated ginseng (CG), mountain-wild ginseng (MWG), and mountain-cultivated ginseng (MCG). CG is the artificial planting ginseng that has a short growth period and rapid weight increment. MWG grows in the mountains with no artificial management and only under natural conditions throughout the entire growing period [13] . MCG, whose seeds are sowed artificially, is cultivated in the natural environment and returns to the wild state before being used clinically [14] . Generally speaking, most CG is harvested after 4e5 year. Meanwhile, MCG is collected at least after 10e20 year or longer, with the age of MWG being much older than that of MCG [15] . Due to excessive excavation, MWG has been nearing extinction. Presently, there are only two primary types of ginseng on the market: one is CG and the other is MCG. Pharmacopoeia of the People's Republic of China also classified ginseng into CG and MCG groups [16] ; however, a practicable criterion for distinguishing between CG and MCG in Chinese Pharmacopoeia (2010 Edition) does not exist.
MCG can be considered as a mimic of wild ginseng, which is of better quality than CG. In the past decades, Fourier transform infrared spectroscopy (FT-IR), secondary derivative IR spectra, twodimensional correlation infrared spectroscopy (2D-IR), and FT-IR microspectroscopy have been applied to discriminate between MCG and CG rapidly, effectively, and nondestructively [17, 18] . HPLC analytical technology was applied to analyze MCG [19] , focusing on the differences in the major ginsenosides and malonyl ginsenosides. For many years, MCG has been much more expensive and effective than CG. It is no surprise that only the decoction of mountain wild ginseng is being used in clinical applications. Pharmacological researchers have also revealed that MCG has greater anti-cancer activities than CG [20, 21] ; however the difference in chemical components between CG and MCG has not been studied systematically. Thus, it is important to find the different chemical markers and identify the structures between CG and MCG. This will also be helpful in explaining the different pharmacological activities and controlling the quality of CG and MCG.
Recently, ultra-high-performance liquid chromatography (UPLC) coupled with multivariate statistical analysis (MVA) was used to identify ginseng products, such as the white and red ginseng, ginseng of different ages, and white ginseng of different origins [22e24] . This strategy has the advantages of rapid analysis time, high resolution, selectivity, and sensitive analysis of components in complex medicinal herb mixtures. Moreover it can identify the different marker components and their chemical structures in order to explain the subtle differences between samples. In our study, we developed a sample-profiling strategy combining UPLC orthogonal acceleration time-of-flight mass spectrometry (UPLC/ oa-QTOF MS) with MVA to compare the chemical contents of CG and MCG. Our results constitute the first time that the differences between CG and MCG have been observed systematically from the chemical components.
Experimental

Ginseng samples and samples processing
Forty-five ginseng samples, of which 36 CG samples 4-to 7-year of age were collected from the Ji'an, Fusong and Tonghua of Jilin provinces of China, and 9 MCG samples were collected from Kuandian county of Liaoning province and Ji'an city of Jilin province of China, were collected for analysis. The details of the samples are shown in Table 1 . All of these samples were identified by Professor Xiangri Li (School of Chinese Materia Medica, Beijing University of Chinese Medicine) and deposited in the specimen cabinet of traditional Chinese medicine at Beijing University of Chinese Medicine.
Sample preparation
All samples were pulverized into powder of over 65 mesh, then the fine ginseng powder was accurately weighed (0.4 g) and extracted with 50 mL methanol in an ultrasonic bath for 30 min. After cooling to room temperature, the loss of weight was replenished with methanol and then filtrated. We accurately drew subsequent filtrate (25 mL) and concentrated it into residue, which was then dissolved in methanol in a 10-mL volumetric flask. The extraction solution was filtered through a 0.22-mm filter membrane and injected directly into the UPLC system.
Reagents
Fisher Optima-grade acetonitrile, methanol, and isopropanol were obtained from Thermo Fisher Scientific. (Waltham, MA, USA). Formic acid and leucine enkephaline were purchased from SigmaAldrich (St Louis, MO, USA). Deionized water was obtained in our laboratory via a Milli-Q water purification system (Millipore Corporation, Bedford, MA, USA). Ginsenoside Rg1, Re, Rb1, Rf, Rb2, and Rb3 standards were purchased from the National Institute for Pharmaceutical and Biological Products (Beijing, PR China). Ginsenoside Rc and Rg2 standards were obtained from Beijing Xiantong era Pharmaceutical Co. Ltd. (Beijing, PR China). The standards were dissolved in methanol and stored at 4 C.
UPLC-QTOF conditions
LC conditions
LC separation was performed on an ACQUITY UPLC system (Waters Corporation, Milford, MA, USA) with an ACQUITY UPLC BEH C 18 column (100 mm Â 2.1 mm, 1.7 mm). The column temperature was set to 40 C, and the flow rate was 0.4 mL/min. Mobile phases A and B consisted of water with 0.1% formic acid and acetonitrile, respectively. The UPLC elution conditions were optimized as follows: linear gradient from 81% to 50% A (0e7 min), 50% to 4% A (7e12 min), 4% to 2% A (12e13 min), 2% to 2% A (13e 25 min), 2% to 81% A (25e26 min), and 81% to 81% A (26e29 min).
The total run time was 29 min, and the injection volume was 2 mL.
MS conditions
MS detection was performed on a Synapt MS System (Waters Corporation), with the data acquisition mode set to MSE and the ionization mode set for positive electrospray (ESI þ ). The source temperature was 120 C, the desolvation temperature was 350 C, and the desolvation gas flow was 480.0 L/h. The lock mass compound used was leucine enkephaline, the capillary and cone voltages were 3,000 V and 20 V, respectively, and the cone gas was 50 L/h. The collision energies were 5 eV for low-energy scans and 20e30 eV for high-energy scans. The LCeMS data acquisition was controlled by Mass Lynx 4.1 Mass Spectrometry Software (Waters Corporation).
Data processing procedure
Post-acquisition data processing, including the MVA, was performed by Marker Lynx XS, which is an application manager for the 
Principal component analysis (PCA)
From the chromatographic trace, we acquired a threedimensional data point representing the retention time, m/z, and intensity. We converted each data point into an exact mass retention time (EMRT) pair using the Marker Lynx XS software. After the EMRT 2D matrix was obtained, the MVA interface was launched with all EMRT information automatically imported, enabling the extended statistics module PCA to be completed.
The scatter plot from orthogonal projections from latent structures discriminant analysis (OPLS-DA)
We acquired the loading plot (S-plot) of every group of pairs by OPLS-DA. In the S-plot, the leading contributing EMRT pairs were captured selectively, resulting in a list of top contributing markers from each sample group being generated and saved as a text file.
The elemental composition calculation for the target markers
We calculated the matched elemental composition with the exact mass of the markers, and searched an existing database to acquire the chemical structure. Once the identity of a marker was tentatively identified, its fragment ion was obtained by going back to the raw data file to investigate the high capillary electrophoresis (CE) scan of the samples. The fragment ions obtained using the Mass Fragment tool in the Mass Lynx software was used for elucidating the structure.
Results and discussion
MS analysis
As shown previously [25] , the ACQUITY BEH C 18 column has frequently been used to separate ginsenosides from various Panax herbs. Figure 1 shows the based-peak intensity (BPI) chromatogram obtained from the analysis of CG in positive-ion mode. There are many peaks in the BPI, indicating that the components of the rensheng_5-5 ginseng samples were complex. The ginsenoside retention times were mainly within 7.5 min according to the BPI chromatogram (Fig. 2) . Forty ginsenosides, including panaxatriol and panaxadiol, were identified in MCG and CG. As presented in Figure 2 , eight compounds were assigned by comparing them with standard ginsenosides, and 32 ginsenosides were identified by comparing their retention times and mass spectra data with the reference compounds. The compounds were further confirmed through ionfragmentation patterns. As illustrated in Table 2 
PCA
It was difficult to identify the MCG and CG from the BPI chromatograms. In this case, an effective approach for discerning their differences was MVA, which has been widely used in the metabolomics field in recent years to elucidate extremely complex samples [26] . We were able to distinguish between CG and MCG from the PCA and S-plot analysis.
A two-component PCA score plot of UPLC-QTOF-MS data was utilized to depict the general variation of components among the Panax ginseng samples (Fig. 3) . The PCA score plot in Fig. 3 was divided into two clusters, with the CG samples of different years clustered into one group, while the MCG samples were clustered into another group. The MCG and CG samples were clearly separated by principal component 1 (PC1), indicating that their components differed between CG and MCG.
Marker-ion analysis
It was evident that samples were clustered into two groups, with one MCG and the other CG, confirming that MCG and CG components differed in level and occurrence. CG, cultivated ginseng; MCG, mountain-cultivated ginseng; UPLC-QTOF-MS, ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry To explore the potential chemical markers that contributed to the differences between MCG and CG, UPLC-QTOF-MS/MS data from MCG and CG samples were processed by supervised OPLS-DA. In the S-plot (Fig. 4) , each point represented an EMRT pair (a marker). The x-axis shows the variable contributions. The further away a data point is from the 0 value, the more it contributes to sample variance. The y-axis shows the correlations within the same sample group. The further away an EMRT pair is from the 0 value, the greater its correlation from injection to injection. As shown in the S-plot in Fig. 4 , the first eight ions, a (t R Additionally, we confirmed these spectral variables using the ion intensity plot. The ion intensity plot (Fig. 5 ) generated by the Marker Lynx software was a convenient instrument for profiling marker ions. The marker ion t R 16.68 min, m/z 685.4382 (Fig.5A ) was ginsenoside Rs6/Rs7 from the MCG, and the marker ion t R 11.18 min, m/z 355.2849 ( 355.2849 among the 45 samples. The ions fulfilled the criteria of marker ions, because they were found at higher levels in one herb, but not others.
Component assignments
After obtaining the potential markers, element-composition calculation was performed for the target markers. The molecular formula of markers was obtained by comparing the accurate masses. The next step was to search in a database and correlate references in order to identify marker structures, which were illuminated by the fragments which appeared in the high CE scan. The results are summarized in Table 3 .
By matching the retention times and accurate masses with the published compounds, ions a (t R 16.68 min, m/z 685. From the different components between MCG and CG, we learned that CG have more malony ginsenosides, and the MCG have more minor ginsenosides. The malonyl ginsenosides are the original type of ginsenoside and occur naturally in ginseng. It is reasonable to deduce that growth circumstances make the malonyl ginsenosids transform into minor ginsenosides through hydrolysis, de-glycosylation, dehydration, and acetylation. This is the chemical basis of MCGs that are directly related to their pharmacological activities. This study illustrated the differences between MCG and CG, and provided a basis for further MCG research.
Conclusion
The generic UPLC/oa-QTOF-MSE sample-profiling strategy allows multiple groups of complex samples to be studied by using the MVA approach. The combination of high-resolution UPLC separation and high-resolution MS detection, coupled with MVA, allowed details of the samples to be profiled, enabling important variance markers to be measured, even at low concentration levels. Our results constitute the first time that differences between CG and MCG have been observed systematically at the chemicalcomponent level.
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